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(54) Optically active diphosphine compound, production intermediates therefor, transition metal 
complex containing the compound as ligand and asymmetric hydrogenation catalyst 
containing the complex 



(57) This invention provides a novel diphosphine compound which is useful as a ligand of catalysts for asymmetric 
synthesis reactions, particularly asymmetric hydrogenation reaction. Particularly, it provides a diphosphine compound 
represented by a general formula (1) : 

(i) 




wherein R 1 and R 2 each independently represents a cycloalkyl group, an unsubstituted or substituted phenyl group or 
a five-membered aromatic heterocycle residue. 
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Description 

FIELD OF THE INVENTION 

FOOOn This invention relates to a novel optically active diphosphine compound, a production intermediate thereof 
a Sitio^ containing the diphosphine compound as a ligand and a transition metal complex catalyst 

useful as a catalyst of various asymmetric synthesis reactions. 

BACKGROUND OF THE INVENTION 

r00021 Ataraenumbwoftransfttonm 

such as asymmetric hydrogenation reaction, asymmetric isomerization reaction and asymmetnc hydrosrlylahon reac- 

Particularly, a complex in which an optically active tertiary phosphine compound is coordinated to a ' 
coZel c such as of ruthenium, rhodium, iridium orpalladium has excellent performance as a catalyst of asymmetnc 

IoC3r iS .n e o a rderto f unher improve this performance, a large number of phosphine compounds having various struc- 
ures have so far been developed (Chemical Review 32 "Chemistry of Organic Metal Complex , pp. 237 - 238, 1932, 
edtti ^ The cLmica. Society cr Japan; ••Asymmetric Catalysis In Organic Synthesis", edited by R. Noyon, A W.ley- 

20 JETSSIKU (diphenylphosphinoM .V-binaphthy. (to be «^^t^ -"^ 

the excellent optically active phosphine compounds, and a rhodium complex (JF-A-55-61 973, the term JP-A as used 
hereTn means an "uLanined published Japanese patent application-) and a ruthemum complex (JP-A-61^3690), 
which contain the BINAP as a ligand, have already been reported. 

25 TooOSI Also it has been reported that a medium complex (JP-A-60-1 99898) and a ruthemum .complex (JE-A- 

as a ligand give good results in asymmetric hydrogenation reaction and asymmetnc 'somenza ton reaction^ In _ addrt.on, 
ft has been reported in JP-A-3-255090 that a ruthenium comp.ex of 2 ,2'-bis (di.(3,5-d,a.kylpheny.)phosph,no)-1 ,1 - 
binaDhthvl qives excellent results in asymmetric hydrogenation of p-ketoesters. mnr * 
Sr However, since their selective 

ficient depending on the intended reactions or reaction substrates thereof, there are cases m whrch these catalysts 
have to be improved. 

SUMMARY OF THE INVENTION 

[0007] in view of the above, it therefore becomes an object of the invention to provide a novel <"»*^ >~ 
excellent performance (chemical selectivity, enantio-selectivity and catalytic achvrty) as a catalyst of asymmetnc syn- 

40 SSS r^^^E^SSZ* -enters have conducted 

as a result of the efforts that a transition metal complex of an optically active diphosphine compound presented by 
me fonowing formula (6) (to be referred sometimes to as 7,8^ihydro-6H-dibenzo[f,h][1 ,5]d.oxon.neO IS-d.yl-b^d, 

phenylp^ 

4S S and tha this transition metal complex exerts excellent eatable acttvtty ™« ™^°* e[e «" * Z^^Z 
mSc Hydrogenation reaction of benzoylacetic acid esters. Thereafter, the invention has been established by further 
conducting evaluations. 
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[001 0] In this connection, the inventors have already developed a transition metal complex of ((5,6) : (5\6>bis-(meth- 
ylenedioxy)biphenyl-2,2 , -diyl)bls ( diphenylphosphlne) (to be referred to as "SEGPHOS" hereinafter) but effects of the 
transition metal complex of difehenylphosphine compound of the invention are equal to or higher than those of the 
above transition metal complex. 
20 [0011] Other objects and advantages of the invention will be made apparent as the description progresses. 

DETAILED DESCRIPTION OF THE INVENTION 

[0012] One of the diphosphine compounds of the invention is a compound represented by the following general 
25 formula (1): 

(1) 

30 



35 




wherein R 1 and R 2 each independently represents a cycloalkyl group, an unsubstituted or substituted phenyl group or 
a frve-membered aromatic heterocycle residue. 

45 [0013] The cycloalkyl group is preferably cyclopentyl group, cyclohexyl group or cycloheptyl group, the five-mem- 
bered aromatic heterocycle residue is preferably 2-furyl group, 3-furyl group, 2-benzofuryl group or 3-benzofuryl group, 
and the substituent group of the substituted phenyl group is preferably an alkyl group having from 1 to 4 carbon atoms, 
an alkoxy group having from 1 to 4 carbon atoms, a di(lower alkyl)amino group or a halogen atom. The term "lower 
alkyl" as used herein means an alkyl group having from 1 to 5 carbon atoms. 

so [001 4] Preferred among these compounds is a compound of a formula (7): 
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wherein R 5 and R 6 each independently represents a hydrogen atom, an alkyl group having from 1 to 4 carbon atoms 
o Z low group having from 1 to 4 carbon atoms, and R? represents a hydrogen atom, an alky, group havng from 
to rcarbonatoms an alkoxyl group having from 1 to 4 carbon atoms or a di (lower alkyl) amino group. The term lower 
alkvl" as used herein means an alkyl group having from 1 to 5 carbon atoms. 

rO015l More preferred is a compound in which R* and R* are the same and selected from the group cons.st.ng of 
hydrogen atom, t-butyl group, n-butyl group, n-propyl group, isopropyl group, ethyl group and methyl group and R * 
selected from the group consisting of hydrogen atom, t-butoxy group, isopropoxy group, ethoxy group and methoxy 

[0016] A diphosphine oxide compound represented by the following formula (2) is also a compound which belongs 
to the invention: 



(2) 
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wherein R 1 and R 2 are as defined in the foregoing. 

[00171 The compound of formula (2) is a production intermediate of the diphosphine compounds of formula (1) and 
50 [o018] A compound represented by the following formula (3) is also a compound which belongs to the invention: 
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wherein R 3 and R 4 each independently represents a cycloalkyl group, an unsubstituted or substituted phenyl group, 
a five-membered aromatic heterocycle residue, an alkoxyl group having from 1 tc 4 carbon atoms, phenoxy group 
benzyloxy group, chlorine atom or bromine atom. 

is [0019] In this connection, the compound represented by formula (3) can be divided into a compound in which R 3 
and R 4 each independently represents a cycloalkyl group, an unsubstituted or substituted phenyl group or a five- 
membered aromatic heterocycle residue and a compound in which R 3 and R 4 each independently represents an alkoxyl 
group having from 1 to 4 carbon atoms, phenoxy group, benzyloxy group, chlorine atom or bromine atom. 
[0020] Of these two compounds, the former is a production intermediate of the compound of formula (2) and the 

20 latter is a production intermediate of the former compound. 

[0021] In addition, racemic modifications and optically active compounds of the above compounds are also the com- 
pounds which belong to the invention. 

[0022] Methods for the production of these compounds are described in the following. 

[0023] For the sake of avoiding complexity, production methods of the compounds of the invention are illustratively 
25 described using an optically active (-) - form of a compound represented by the following formula (8), ((-)-7,8-dihydro- 
6H-dibenzo[f,h][1,5]dioxonine-1,13-diyl-b is (diphenylphosphine)), as an example of the compounds included in the 
invention. However, the invention is not limited to this example. 

30 (8) 




[0024] That is, S.S'-dibromo-IJ'-trimethylenedioxydibenzene (10) is prepared by allowing sodium hydride and tri- 
methylene dibromide to react with 3-bromophenol (11). The compound (10) is allowed to react with magnesium pieces 
45 to obtain a Grtgnard* s reagent which is then allowed to react with diphenylphosphinyl chloride to obtain 

1 .r-trimethylenedioxydibenzene-S.S'-diyl-bls (diphenylphos phine oxide) (32) (R 1 5 R 2 = phenyl). Next, the compound 
(32) is made into lithium salt by allowing it to react with lithium diisopropylamide and then the salt is allowed to react 
with ferric chloride as an oxidizing agent to obtain a racemic compound 

(7,8-dihydro-6H-dibenzo[f,h][1 ,5]dioxonine-1 ,13-diyl-bis(d iphenylphosphine oxide)) (2) (R 1 , R 2 = phenyl,). Thereafter, 
so the compound (2) is subjected to optical resolution using (-)-dibenzoyl-L-tartaric acid(to be referred to as °(-)-L-DBT" 
hereinafter) and then reduced using trichlorosilane, thereby obtaining 
((-)-7,8-dihydro-6H-dibenzo[f,h][1 ,5]dioxonine-1 ,1 3-diyl-b is (diphenylphosphine)). 



□wcrwirv „co 



EP 1 095 946 A1 



(Scheme 1) 



10 



) NaH 



0H 2) Br(CH 2 ) 2 Er Br 



ja 



11 



10 



75 



20 



25 



30 



35 



1) Mg. THF 



2) Ph ? P(0)CI Phs(0)P 
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T00251 Also, an optically active (+)- form of the compound of formula (9), 

(( + )-7 8-dihydro-6H-dibenzo[f,h][1,5]dioxonine-1,13-diyl-b is (diphenylpbosphine)), can be obtained from the com- 
pound (2) in the scheme 1 by subjecting it to optical resolution using ( + )-dibenzoyl-D-tartanc acid 
100261 in describing a preparation method of a compound which is a diphosphine compound of the above formula 
1) and has a substituent group on the phenyl group, the compound of interest can he obtained by using a <*phenyl- 
phosphinyl chloride derivative having a substituent group instead of diphenylphosphinyl chloride in the method of 
scheme 1 As an alternative method, the compound of interest can be obtained by firstly preparing a compound (31) 
having a substituent group on the phenyl group by the method of the following scheme 2 and then cont.nu.ng the 
reaction using this compound (31) instead of the compound (32) of scheme 1. 

r00271 Preparation of the compound (31) is carried out by allowing a compound (1 0) to react wrth magnesium p.eces 
to obtain a Grignard's reagent which is subsequently allowed to react with diphenyl chlorophosphate to obta.n a com- 
pound (4), andthen allowing the compound (4) to react with a phenyl Grignard's reagent (41 ) having a substrtuent group. 
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[0028] Among compounds of the invention, particularly an optically active compound of the compound (2) can also 
40 be obtained from a racemic compound of the compound (2) by carrying out optical resolution of enantiomers using an 
optically active column. 

[0029] Among compounds of the invention, a compound (1), particularly an optically active compound thereof, is 
useful as a ligand of transition metal complexes. In addition, a racemic compound among compounds (1 ) of the invention 
is also useful as an intermediate for the production of optically active compounds. 
45 [0030] Examples of the transition metal which forms the complex of the invent ion include rhodium, ruthenium, iridium, 
palladium and nickel. 

[0031] These transition metal complexes can be produced using generally known methods. 

[0032] In this connection, symbols used in the formulae of transition metal complexes shown in the following are: L, 
an optically active compound of the compound (1) of the invention; cod,1 ,5-cyclooctadiene; nbd, norbornadiene; Ph, 
so phenyl group ; and Ac, acetyl group. 

[0033] The following illustratively describes these complexes. Rhodium complex: 

[0034] An illustrative example of the method for producing a rhodium complex is a synthesis method in which 
bts(cycloocta-1,5-diene)rhodium(l) tetrafluoroborate and 7,8-dibydro-6H-dibenzo[f,h][1 ,5]dioxonine-1 ,13-diyl-bis (di 
phenylphosphine) which is the diphosphine compound of the invention are allowed to react with each other in accord- 
55 ance with the method described in "Jikken Kagaku Kouza, Fourth Edition", edited by The Chemical Society of Japan, 
Vol. 18, Organic Metal Complex, pp. 339-344, 19gi , published by Maruzen Publishing. The following can be cited as 
illustrative examples of the rhodium complex. 
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rnu/l \r+n rpU/l \Or1 TDh/l 

Lnii(i-)\-/iJ2j L r,,, V l -/ I-,, iZ» L' " 1 KW'Jjfi 

[Rh(cod)(L)]BF 4 , [Rh(cod)(L)]CI0 4 , 
[Rh(cod)(L)]PF 6 , [Rh(cod)(L)]BPh 4 , 
[Rh(nbd)(L)]BF 4 , [Rh(nbd)(L)]CI0 4 , 
s [Rh(nod)(L)]PF 5 , [Rh(nbd)(L)]BPh 4 

Ruthenium complex: 

r00351 Regarding the method for producing a ruthenium complex, there is a preparation method described in a report 
w T Ikariya, Y. Ishii, H. Kawano, T. Arai, M. Saburi, S. Yoshikawa and S. Akutagawa, J. Chem. Soc., Chem Conmun 
922 (1985)), in which [Ru(cod)CI 2 ) n (a polymer form) and 7,8-dihydro-6H-diben2o[f,h][1,5ldioxonine-1,13-d l yl-b.s(di 
ohenylphosphine) are heated under reflux in toluene solvent in the presence of triethylamine. Also, there is another 
preparation method described in a report (K. Mashima, K. Kusano, T. Ohta, R. Noyori and H. Takaya, J. Chem. Soc, 

Chem. Commun., 1208 (1989)), in which [Rutp-cymene)!^ and athutono „ hlft 

is 7,8-dihydro-6H-dibenzo[f,h][1 ,5]dioxonine-1 ,1 3-diyl-bis (di phenylphosphine) are heated and stirred in methylene chlo- 
ride and ethanol. 

[0036] The following can be cited as illustrative examples of the ruthenium complex. 

Ru(OAc) 2 (L), Ru 2 CI 4 (L) 2 NEt 3 , 
20 [RuCI(benzene)(L))CI, [RuBr(benzene)(L)]Br, 

[Rul(benzene) (L)]l, 

[RuCI(p-cymene)(L)]CI, [RuBr(p-cymene)(L)]Br, 
[Rul(p-cymene)(L)]l, 

[Ru(L)](BF 4 ) 2 , [Ru^KCIO^, [Ru(L)](PF 6 ) 7 , 
25 [Ru(L)](BPh 4 ) 2 

Iridium complex: 

r0037] An iridium complex can be prepared by allowing 7,8-dihydro-6H-dibenzo[f,h][1 ,5]dioxonine-1 ,13-diyl-bis(di 
30 phenylphosphine) to react with [lr(cod)(CH 3 CN) 2 ]BF 4 while stirring in tetrahydrofuran, in accordance with the method 
described in a report (K. Mashima, T. Akutagawa. X. Zhang, T. Taketomi. H. Kumobayashi and S. Akutagawa. J. Or- 
ganomet. Chem., 1992, 428, 213). 

[0038] The following can be cited as illustrative examples of the indium complex. 

35 [lr(L)Cll 2 , [lr(L)Br] 2 , [lr(L)l] 2 , 

[lr(cod)(L)]BF 4 , [lr(cod)(L)]CI0 4 , 
[lr(cod)(L)]PF 6 ,[lr(cod)(L)]BPh 4 , 
[lr(nbd)(L)]BF 4 , [lr(nbd)(L))CI0 4 , 
[lr(nod)(L)]PF 6 , [lr(nbd)(L)]BPh 4 
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Palladium complex: 



T0039] A palladium complex can be prepared by allowing 7,8-dihydro-6H-dibenzo[f,h][1 ,5]dioxonine-1 ,1 3-diyl-bis(di 
phenylphosphine) to react with n-allylpalladium chloride in accordance with the method described in a report (Y. Uozumi 
45 and T. Hayashi, J. Am. Chem. Soc. , 1 991 , 1 1 3, 9887). 

[0040] The following can be cited as illustrative examples of the palladium complex. 

PdCI 2 (L), [(7i-allyl)Pd(L)]CI, [(*-allyl)Pd(L)]BF 4 , 
[(rc-allyl)Pd(L)]CI0 4 , [( w - a ||yl)Pd(L)]PF 6 , 
so [(w-allyl)Pd(L)]BPh 4 

Nickel complex: 

r00411 A nickel complex can be prepared, for example, by the method described in "Jikken Kagaku Kouza, Fourth 
Edition" edited by The Chemical Society of Japan, Vol. 1 8, Organic Metal Complex, p. 376, 1 991 , published by Maruzen 
Publishing and can also be prepared by dissolving 7,8-dihydro-6H-dibenzo[f,h][1,5]dioxonine-1 ,13-diyl-bis(d. phenyl- 
phosphine) and nickel chloride in a mixed solvent of isopropanol and methanol and stirring the solution under heating, 
in accordance with the method described in a report (Y. Uozumi andT. Hayashi, J. Am. Chem. Soc., 1991 , 113, 9887). 
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[0042] The following can be cited as illustrative examples of the nickel catalyst. 
NiCI 2 (L), NiBr 2 (L), Nil 2 (L) 

[0043] The thus obtained transition metal complexes which contain the novel optically active diphosphine compound 
as a ligand are useful as a catalyst of asymmetric hydrogenation reaction. When one of these complexes is used as 
5 a catalyst, the complex may be used after increasing its purity or directly without purification. 

[0044] Among these transition metal complexes, particularly a complex which contains ruthenium and an optically 
active diphosphine compound, 

7,8-dihydro-6H-dibenzo[f,h][1,5]dioxonine-1,13-diyl-bis (di phenylphosphine), as a ligand gives higher enantio-selec- 
tivity than that of other ruthenium complexes such as of BINAP and p-TolBINAP in the asymmetric hydrogenation 

10 reaction of benzoylacetic acid esters. 

[0045] When asymmetric hydrogenation is earned out using these transition metal complexes, examples of the sub- 
strate to be subjected to the asymmetric hydrogenation reaction include carbonyl compounds and unsaturated com- 
pounds. Their illustrative examples include a-ketoesters, 0-ketoesters and a.p-unsaturated carboxylicacids. More il- 
lustratively, methyl benzcylacetate and dehydro naproxen are suitable. 

is [0046] Next, the reaction conditions are described. Since these conditions can vary depending, for example, on the 
substrate and complex to be used, they cannot be described in a wholesale manner, but the reaction is generally 
carried out at a temperature of from 1 0 to 80°C for a period of from 5 to 24 hours under a hydrogen pressure of from 
10 to 60 atmospheres. Amount of the complex to be used is approximately from 1/500 to 1/5,000 (molar ratio) based 
on the substrate. Any reaction solvent can be used with the proviso that it is stable and does not exert influences upon 

20 the substrate and product, and its illustrative examples include lower alcohols such as methanol and ethanol, ethers 
such as tetrahydrofuran and halogenated hydrocarbons such as methylenechloride and chlorobenzene. 
[0047] Thus, as has been described in the foregoing, the novel diphosphine compound of the invention is useful 
particularly as a ligand of a transition metal complex. Also, the transition metal complex is useful as a catalyst of 
asymmetric hydrogenation reaction. This reaction catalyst is industrially markedly useful because its use renders 

25 possible high yield production of asymmetric hydrides having high optical purity. 

EXAMPLES 

[0048] Examples of the invention are given below by way of illustration and not by way of limitation. 
30 [0049] In this connection, the apparatus used in the measurement of physical properties in each example is as follows. 

1 H NMR: Bruker DRX500 (500 MHz) 
31 p NMR: Bruker DRX500 (202 MHz) 
Melting point: Yanaco MP-500D 
35 Angle of rotation: JASCO Corporation DIP-4 

Gas chromatography: Hewlett Packard 5890-II 
High performance liquid chromatography Hewlett Packard HP1100 
Mass spectrometry Hitachi M-80B 

40 EXAMPLE 1a 

Synthesis of 3,3'-dibromo-1 ,1'-trimethylenedioxydibenzene 

[0050] In a stream of nitrogen, 1 00 ml of a dimethylformamide (to be referred to as DMF hereinafter) solution con- 
45 talning 20.03 g (115.8 mmol) of 3-bromophenol was cooled to 5°c and mixed with 4.9 g (122 mmol) of 60% sodium 
hydride. After 1 hour of stirring at room temperature, this was mixed with 25 ml of a DMF solution containing 11 .5 g 
(57 mmol) of trimethylene dibromide and stirred at 70°C for 20 hours. The reaction solution was extracted with BOO ml 
of ethyl acetate and washed with water (200 ml, 5 times) and saturated brine (100 ml, twice). The organic layer was 
dried with anhydrous sodium sulfate, and then the solvent was evaporated under a reduced pressure. By purifying the 
so residue by a silica gel column chromatography, 1 3.70 g (yield 62%) of the title compound was obtained as a colorless oil. 
1H-NMR (CDCI 3 ): 8 2.23 (2H, dddd s J= 6.1 Hz), 4.11 (4H, t, J = 6.1 Hz) , 6.83 (2H, ddd, J = 8.3, 2.4, 1.1 Hz) , 7.06 - 
7.08 (4H, m) , 7.12 (2H, t, J = 8.3 Hz) 
EI-MS:m/z386(M+) 

55 
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Synthesis of l.V-trimethylenedioxydibenzene-S.a'-diyl-bis (diphenylphosphine oxide) 

[0051] A 1 .66 g (68.3 mmol) portion of magnesium pieces were put into a four neck flask the atmosphere in the 
reaction container equipped with a thermometer, a condenser and a pressure equalizer-attached dropping funnel was 
SS^r^aJby nmogrn.. and then 3 m, of anhydrous tetrahydrofuran (to be referred to -™J£™$ 
was added thereto. While stirring under water-cooling, 60 ml of aTHF solution containing 12.01 g (31 .1 mmol) of Sfi- 
dSomo-1 ,1 •-trimethylenedioxydibenzene was added dropwtee to the solution, and the stirring was co n '""ed at room 
Z2« for 2 hours. While stirring under water-cooling, 70 ml of a TEF solution contain.ng 15.6 g (65.9 mrnol) of 
drhenlhosphinyl chloride was added dropwise to the thus obtained mixed solution, and the stirring was continued 
auoom tempeS e for 15 hours. The reaction solution was extracted with 40 ml of ethyl acetate and washed wth 
fsoTon N hydrochloric acid, 150 ml of water and 100 ml of saturated brine in that order. The organic layer was 
Iried wi?h anhydmus sodium sulfate, and then the solvent was evaporated under a reduced pressure By P£Vjne»> 
residue by a sL gel column chromatography, 1 6.6 g (yield 80%) of ^^^^^ U 7 

1H-NMR(CDCU): 8 (2H. dddd, J = 6.1 Hz) , 4.11 (4H, t, J = 6.1 Hz) , 7.05 (2H, d, J = 7.5 Hz) , 7^12 (2H dd J - 11 
7 5 HZ) 7*1 T(2H, d, J = 13.3 Hz) , 7.34 (2H, dt, J = 8.0, 3.8 Hz) , 7.43 - 7.47 (8H, m) , 7.52 - 7.56 (4H, m) , 7.63 - 7.69 
(8H, m) 3 1 P-NMR (CDCI 3 ) : 830.5 
EI-MS: m/z 627 (M -1)- 



EXAMPLE 1c 

Synthesis of ( ± )-7,8-dihydro-6H-dibenzo[f,h][1,5]dioxonine-1,13-diyl-bis (diphenylphosphine oxide) 

25 [0052] lnst re amofnitrogen,50mlofaTHFsolu^ 

3 " d yl-bis(di P henylphos phine oxide) was cooled to -40'C, and 21 ml of a THF solution conta.nmg 0.5 M of Irth.um 
dlLpropylamide was added dropwise thereto. This reaction solution was added dropwise to a morture cons.stmg of 
2 « g Tl3 1 mrnol) of ferric chloride, 1 00 ml of toluene and 100 ml of THF, which was cooled to -40«C, and the resulting 
m xture was stirred at room temperature for 18 hours. The solvent was evaporated under a reduced pressure and the 

so Sue was dissolved in methylene chloride, washed w*h 1 N hydrochloric acid, water and -turated bnne anc then 
dried with anhydrous magnesium sulfate. After evaporation of the solvent under a reduced pressure, the res.due was 
purified by a silica gel column chromatography to obtain 1 .10 g (yield 37%) of the title compound. 

NMRfCDmTree (2H m) 3 99 (2H. dt, J= 12.0. 4.4 Hz) , 4.07 (2H. dt, J = 12.0, 5.6 Hz) . 6.84 (2H. ddd. J = 
35 13J J 7 7, 1 C Thz) 6 86 (2H d 2 = 8.1 Hz) \ 7.07 (2H, dt, J = 7.9, 3.3 Hz) . 7.12 - 7.16 (4H. m) . 7.23 - 7.28 (6H. m, , 
7.30 - 7.37 (6H, m), 7.63 - 7.63 (4H, m) 
31P-NMR(CDCI 3 ):8 29.4 
CI-MS: m/z 627 (M + 1) + 

40 EXAMPLE 1d 

Optical resolution of ( ± )-7,8-dihydro-6H-dibenzo[f,h][1 ,5]dioxonine-1 ,13-diyl-bfe (diphenylphosphine oxide) 

[0053] A 23 ml portion of an acetonitrile solution containing 2.77 g (7.36 mmol) of (-)-dibe ^^^^ 
added dropwise to a mixture consisting of 4.60 g (7.34 mmol) of ( ±) -7,8-dihydro-6H-d.benzo[f ,h] .5]dtoxonlne-1 , 3^i- 
SSL (diphenylphosphine oxide) and 46 ml of acetonitrile. After 30 minutes of heating under reflux, this was cooled to 
mom emperature and 2.69 g of the thus predated so.id was collected by fiftrat.on. The thus <^£~" ™ s 
heated under reflux for 1 0 minutes in 13.5 ml of acetonitrile, and 2.07 g of white sol.d was collected by f.ltrafon. The 
solid was dissolved in 40 ml of chloroform, mixed with 20 ml of 1 N sodium hydroxide aqueous solution and ^shrred a 
room temperature for 1 hour. The organic layer was separated, washed with water and saturated brine m hat order 
andThen dried wtth anhydrous sodium sulfate. By evaporatingthe soK/ent undera reduced pressure, 1 .31 g of 100% ee 
(-)-7,8-dihydro-6H-dibenzo[f,h][1,5]dioxonine-1 ,13-diyl-bis (diphenylphosphine oxide). 
[aFas -174.1° (c = 0.506, CHCI3) 
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EXAMPLE 1e 

Synthesis of (-)-7,8-dihydro-6H-dibenzo[f,h][1 ,5]dioxocine-1 ,13-diyl-bis(diphenylphosphine) 

5 [0054] A 2.1 g (16 mmol) portion cf trichlorosilane was added dropwise to a mixture of 0.49 g (0.78 mmo!) of (-)- 
7,8-dihydro-6H-dibenzo[f ,h][1 ,5]dioxonine-1 ,1 3-diyl-bi s (diphenylphosphine oxide) , 2.3 g (1 9 mmol) of dimethylaniline 
and 20 ml of toluene, and the resulting mixture was stirred at 1 00°c for 1 8 hours. The reaction mixture was ice-cooled; 
mixed with 15 ml of 4 N sodium hydroxide aqueous solution and stirred at room temperature for 30 minutes. After 
separation of layers, the water layer was extracted with 50 ml of butyl acetate, and the combined organic layer was 

10 washed with 1 N hydrochloric acid (30 ml x 2), water (30 ml x 2) and 30 ml of satuzated brine. After drying with anhydrous 
magnesium sulfate, the solvent was evaporated under a reduced pressure and the resulting residue was purified by 
a silica gel column chromatography to obtain 0.45 g (yield 97%) of the title compound as a white solid, 
mp: 85°C 

1 H-NMR(CDCI 3 ) : 8 1.78 (2H, m) , 4.11 (2H, dt, J = 11.7, 4.4 Hz) ,4.16 (2H, dt, J = 11.7, 5.7 Hz) , 6.77 (2H, d, J = 7.6 
15 Ez) , 6.88 (2H, dd, J = 8.0, 1.0 Hz) , 7.06 - 7.11 (4H, m) , 7.14 - 7.20 (8H, m), 7.29 - 7.32 (6H, m), 7.50 - 7.54 (4H, m) 
31P-NMR (CDCI 3 ) : 6-10.8 
CI-MS: m/z595(M+1) + 
[ajd^: 234.2° (c = 0.506, CHCI 3 ) 

20 EXAMPLE 2a 

Synthesis of I.V-trimethylenedioxydibenzene-S.S'-diyl-bis (diphenyl phosphate) 

[0055] A 0.65 g (26.7 mmol) portion of magnesium pieces were put into a three neck flask, the atmosphere in the 
25 reaction container equipped with a thermometer, a condenser and a pressure equalizer-attached dropping funnel was 
completely replaced by nitrogen, and then 2 ml of anhydrous THF was added thereto. While stirring under water- 
cooling, 18 ml of a THF solution containing 4.69 g (12.1 mmol) of S.S'-dibromo-l ,1'-trimethylenedioxydibenzene was 
added dropwise to the solution, and the stirring was continued at room temperature for 2 hours. The reaction solution 
was added dropwise to 35 ml of a THF solution containing 6.69 g (25 mnol) of diphenyl chlorophosphate, which was 
30 cooled to 5°C, and the stirring was continued at room temperature for 1 8 hours. The solvent was evaporated under a 
reduced pressure and the residue was extracted with 200 ml of ethyl acetate and washed with 100 ml of saturated 
ammonium chloride aqueous solution, 1 00 ml of water and 100 ml of saturated brine in that order. The organic layer 
was dried with anhydrous sodium sulfate, and then the solvent was evaporated under a reduced pressure. By purifying 
the residue by a silica gel column chromatography, 3.33 g (yield 40%) of the title compound was obtained as a colorless 
35 oil. 

1 H-NMR (CDCI3) : 8 2.26 (2H, dddd, J = 6.1 Hz) , 4.17 (4H, t, J = 6.1 Hz) , 7.11 - 7.15 (6H, m), 7.16 - 7.20 (8H, m), 
7.26-7.30 (8H, m) , 7.40 (2H, dt, J = 8.1, 5.9 Hz), 7.48 (2H, d, J = 15.8 Hz) , 7.54 (2H, dd, J = 13.6, 7.4 Hz) 
31 P-NMR (CDCI3) : 5 12.7 
EI-MSm/z691 (M-1) + 

40 

EXAMPLE 2b 

Synthesis of 1 ,1 '-trimethylenedioxydibenzene-S^'-diyl-bistditS.S-dimethylphenyOphosphine oxide) 

45 [0056] In a stream of nitrogen, 3 ml of an ice-cooled THF solution containing 1 .00 g (1 .44 mmol) of 1 , V-trimethylen- 
edioxydibenzene-S.a'-diyl-bis (diphenyl phosphate) was mixed with 12 ml (12 mmol) of 1 M 

3,5-dimethylphenylmagnesium bromide THF solution and stirred at room temperature for 1 5 hours. This was extracted 
with 200 ml of ethyl acetate and washed with 50 ml of 1 N hydrochloric acid, 1 00 ml of water and 1 00 ml of saturated 
brine. The organic layer was dried with anhydrous sodium sulfate and the solvent was evaporated under a reduced 
50 pressure. By purifying the resulting residue by a silica gel column chromatography, 0.99 g (yield 93%) of the title 
compound was obtained as a colorless solid, 
mp.: 62- 65°C 

1H-NMR(CDCI 3 ) : 8 2.20 (2H, dddd, J= 6.1 Hz) , 2.31 (24H, s) , 4.12 (4H, t, J = 6.1 Hz), 7.04 (2H, d, J = 8.3 Hz), 7.11 
(2H, dd, J = 11.6, 7.6 Hz) , 7.14 (4H, bs) , 7.25 (4H, bs) , 7,28 (4H, bs) , 7.29 - 7.35 (4H S m) 
55 31 P .nmR(CDCI 3 ) : 8 30.9 
EI-MS m/z 740 (M + ) + 
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bXAiviPLE 2c 

Synthesis of (±)-7,8-dihydro-6H-dibenzo[f,h][1,5]dioxonine-1.13-diyl-bis <di(3,5-dimethylphenyl)phosphine oxide) 

ro0571 In a stream of nitrogen, 70 ml of aTHF solution containing 4.25 g (5.74 mmol) of 1 ,1 ^trlmettiylenedtoxydiben. 
S,3-diyS^ 

0 5 M of lithium di isopropylamide was added dropwise thereto. This reaction solution was added dropwise to a murture 
consi^g o?J.23 g 03^ mmol) of ferric chloride, 100 ml of toluene and 100 ml of THF, which was cooled to^ -40£ 
and the "esuiting mixture was stirred at room temperature for 1 8 hours. The solvent was ^^^ '^6 
omssure andthe residue was dissolved in methylene chloride, washed with 1 N hydrochloric acid, waterand saturated 
brine and then dried wKh anhydrous magnesium sulfate. After evaporation of the sofcent under a reduced pressure, 
the residue was purified by a silica gel column chromatography to obtain 1 .21 g (yield 29%) of the title compound. 

^H P NMr"(CD 3 S: 8 1 .79 (2H, m) , 2.14 (12H, s) . 2.22 (12H, s), 4.11 (2H, dt, J = 11.8, 4.3 Hz), 4.21 (2H, dt, J = 11.8, 
is 5.6 Hz), 6.81 - 6.87 (4H, m) , 6.95 - 7.09 (10H, m) , 7.22 (2H. s) , 7.25 (2H, s) 
31P-NMR (CDCI 3 ) : 6 28.5 
CI-MS m/z 739 (M + 1 ) + 

EXAMPLE 2d 

Optical resolution of (±)-7,8-dihydro-6H-dibenzo[f,h][1 ,5]dioxonine-1 ,13-diyl-bi stdi^S-dimethylphenyOphosphine 
oxide) 

r00581 Using SUMICHIRALOA-3100 (manufactured by Sumika Chemical Analysis Service, 20 mm x 250 mm, eluent: 
Snano. ^ow 5 ml/min.), optica, resolution of (± )-7,8-dihydro-6H-dibenzo[f ,h][1 ,5]dioxon,ne-1 1 3-d,yl-bMd 
(3 5 d^ethylphenyl)phosphine oxide) was carried out to obtain 928.4 mg of 100% ee { -)-7,8-dihydro-6H-d,benzo t f,h] 
[1 ,5]dioxonine -1 ,1 3-diyl-bis(di(3,5-dimethylphenyl)phosphine oxide). 
[a]D 2S 222.8° (c = 0.50, CHCI 3 ) 

30 EXAMPLE 2e 

Synthesis of (-)-7,8-dihydro-6H-dibenzo[f,h][1 ,5]dixoxonine-1 .13-diyl-bis(di(3.5-dimethylphenyl)phosphine) 

[0059] A 3.0 g (22 mmol) portion of trichlorosilane was added dropwise to a mixture of 0.77 g (1 .04 mmol] i of (-)- 
7 8 dihydro-6H-dibenzo[f.h [1,5]dioxonine-1.13-diyl-bi s(di(3,5-dimethylphenyl)phosph.ne ox.de^3.1 g (25 mmol) of 
dime hylanilfne and 30 m o"toluene, and the resulting mixture was stirred at 1 00°C for 1 8 hours. The reaction mixture 
was ** c3eo mLd with 20 ml of 4 N sodium hydroxide aqueous solution and stirred at room temperature for 30 
The reaction solution was extracted with 1 00 ml of ethyl acetate and the organic flayer was washec .with I N 
hydrochloric acid (30 ml x 2), water (30 ml x 2) and 30 ml of saturated brine. After drying with anhydrous sodium sutfate, 
the Slent wS grated under a reduced pressure and the resulting residue was purified by a silica gel column 
chromatography to obtain 0.60 g (yield 82%) of the title compound as a colorless solid. 

ZZl'(lVZ : 8 1 .74 (2H, m) . 2.07 (12H, s) , 2.21 (12H, s) , 4.06 - 4.14 (4H, m) , 6.61 (4H, bs) , 6.66 - 6.70 (4H, 
m) , 6.78 (2H, dd, J = 8.1 , 1 .0 HZ) , 6.87 (2H, bs) . 7.05 (2H. t, J= 7.8 Hz), 7.11 (4H, bs) 
45 3ip.NMR (CDCI 3 ) : 8 -9.4 
EI-MS: m/z 705 (M + 1)+ 
[CXP25: 272.7° (c = 0.265, CHCI 3 ) 

EXAMPLE 3a 

Synthesis of l,V-trimethylenedioxydibenzene-3,3'-diyl-bis(di(4-methylphenyl)phosphine oxide) 

r00601 In a stream of nitrogen, 3 ml of an ice-cooled THF solution containing 1 .01 g (1 .46 mmol) of 

? !tlerhy1enedioxydibenz 9 ene-3,3--d^l-bis(di P henyl phosphate) was mixed with 1 4 ml (12 mmol) of 0.85 M 4-meth- 
yiphenylmagnesium bromide THF solution and stirred at room temperature for 4 noun* This was greeted with 200 
ml of ethyl acetate and washed with 50 m. of 1 N hydrochloric acid, 1 00 ml of water and 1 00 ml of saturated bnne^The 
omantc layer was dried with anhydrous sodium sulfate and the solvent was evaporated under a reduced pressure. By 
pSngTe resulting residue by a silica gel column chromatography, 0.90 g (yield 90%) of thetrtle compound was 
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obtained as a colorless solid, mp : 55 - 57°C 

1 H-NMR (CDCI 3 ) : 8 2.19 (2H, dddd. J= 6.1 Hz), 2.39 (12H, s), 4.11 (4H t t, J= 6.1 Hz), 7.03 (2H. d, J= 8.3 Hz), 7.11 
(2H, dd, J = 11.7 , 7.5 Hz) , 7.23 - 7.34 (12H, m) , 7.53 (4H, d, J = 8.1 Hz), 7.55 (4H, d, J = 8.1 Hz) 
3 1 P-NMR(CDCI 3 ):5 30.5 
5 EI-MS m/z 684 (M+) + 

EXAMPLE 3b 

Synthesis of (±)-7,8-dihydro-6H-dibenzo[f ,h][1 ,5]dioxonine-1 ,1 3-diyl-bls(di(4-methylphenyl)phosphine oxide) 

10 

[0061] In a stream of nitrogen, 80 ml of a THF solution containing 4.26 g (6.22 mmol) of 

I.V-trimetloylenedioxydibenzene-S.S'-diyl-bistdi (4-methylp henyl)phosphine oxide) was cooled to -40°C, and 28 ml 
of a THF solution containing 0.5 M of lithium diisopropylamide was added dropwise thereto. This reaction solution was 
added dropwise to a mixture consisting of 2.42 g (14.9 mmol) of ferric chloride, 100 ml of toluene and 100 ml of THF, 

15 which was cooled to -40°C, and the resulting mixture was stirred at room temperature for 1 8 hours. The solvent was 
evaporated under a reduced pressure, and the residue was dissolved in methylene chloride, washed with 1 N hydro- 
chloric acid, water and saturated brine and then dried with anhydrous magnesium sulfate. After evaporation of the 
solvent under a reduced pressure, the residue was purified by a silica gel column chromatography to obtain 1 .03 g 
(yield 24%) of the title compound. 

20 mp:138-140°C 

1 H-NMR (CDCI3) : 5 1.72 (2H, m) , 2.30 (6H, s) , 2.32 (6H, s) , 4.08 (2H, dt, J = 11.8, 4.4 Hz) , 4.15 (2H, dt, J = 11.8, 
5.7 Hz, 6.90 (2H, dd, J = 13.5, 7.5 Hz), 6.96 (2H, d s J = 8.0 Hz) : 7.00 - 7.17 (10H, m), 7.27 - 7.32 (4H, m), 7.57 - 7.62 
(4H, m) 3 1 P-NMR (CDCI 3 ): 5 29.7 
CI-MS m/z 683 (M + 1) + 

25 

EXAMPLE 3c 

Optical resolution of (±)-7,8-dihydro-6H-dibenzo[f,h][1 ,5]dioxonine-1 ,13-diyl-bi s(di(4-methylphenyl)phosphine oxide) 

30 [0062] Using SUMICHJRAL OA-31 00 (20 mm x 250 mm, eluent: 2-propanol/methanol = 60/40 (by volume), flow: 4.8 
ml/min.), optical resolution of (±)-7,8-dihydro-6H-dibenzo[f,h][1 ,5]dioxonine-1 ,13-diyl-bis (di (4-methylphenyl)phos- 
phine oxide) was carried out to obtain 1 ,01 g of 1 00% ee 

(-)-7,8-dihydro-6H-dibenzo[f,h][1,5]dioxonine-1,13-diyl-bis (di(4-methylphenyl)phosphine oxide). 
[a] D 25 154.5° (c = 0.52, CHCI3) 

35 

EXAMPLE 3d 

Synthesis of (-)-7,8-dihydro-6H-dibenzo[f,h][1 ,5]dioxonine-1 ,13-diyl-bis (di(4-methylphenyl)phosphine) 

40 [0063] A 1 .6 g (11 .9 mmol) portion of trichlorosilane was added dropwise to a mixture of 0.80 g (1 .17 mmol) of (-)- 
7,8-dihydro-6H-dibenzo[f,h][1,5]dioxonine-1 l 13-diyl-bi s(di(4-methylphenyl)phosphine oxide), 1.72 g (14.2 mmol) of 
dimetbylaniline and 30 ml of toluene, and the resulting mixture was stirred at 1 00°C for 1 8 hours. The reaction mixture 
was ice-cooled, mixed with 15 ml of 4 N sodium hydroxide aqueous solution and stirred at room temperature for 30 
minutes. The reaction solution was extracted with 100 ml of ethyl acetate and the organic layer was washed with 1 N 

45 hydrochloric acid (30 ml x 2), water (30 ml x 2) and 30 ml of saturated brine. After drying with anhydrous sodium sulfate, 
the solvent was evaporated under a reduced pressure and the resulting residue was purified by a silica gel column 
chromatography to obtain 0.65 g (yield 85%) of the title compound as a colorless solid, mp: 1 08 - 11 0°C 
1 H-NMR (CDCI3) : 81 .78 (2H, m), 2.26 (6H, s) , 2.33 (6H, s), 4.12 (2H, dt. J = 1 1 .7, 4.4 Hz) , 4.17 (2H, dt, J = 11 .7, 5.7 
Hz) , 6.79 (2H, d, J = 7.7 Hz), 6.88 (2H, d, J = 8.0 Hz), 6.96 (8H, t, J = 2.3 Hz) , 7.11 (4H, d, J = 7.7 Hz), 7.14 (2H, t, J 

so = 7.8 Hz), 7.39 - 7.43 (4H, ml 
31P-NMR (CDCI3) : 5-12.7 
CI-MS: m/z 651 (M + 1)+ 
[opts: 244.1° (c = 0.495, CHCI 3 ) 

55 
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Preparation of [Rul(p-cymene)(L1)]l (L1 = (0-7 t 8-dihydro-6H-dibenzo[f,h][1,5]dioxonine-1,13-diyl bis 
(diphenylphosphine)) 

5 

[0064] A mixture consisting of [Ru(p-cymene)l 2 ] 2 (123.4 mg, 0.126 mmol), 150.1 mg (0.250 mmol) of 
M-7 8-dihydro-6H-dibenzo[f,h][1,5]dioxonine-1 ,13-diyl-bi s(diphenylphosphine), 5 ml of methylene chloride and 5 ml 
of ethanol was stirred at 50°C for 3 hours in a 20 ml Schlenk tube. After evaporation of the solvent under a reduced 
pressure, the residue was dried in vacuo to obtain 273,5 mg of the title compound. 
10 3ip.NMR (CDCI 3 ): 5 43.0 (d, J = 62.2 Hz), 26.3 (d, J = 62.2 Hz) 

EXAMPLE 5 

Preparation of [Rul(p-cymene)(L2)]l (L2 = (-)-7,8-dihydro-6H-dibenzo[f ,h][1 ,5]dioxonine-1 ,13-diy!-bis(di 
15 (3,5-dimethytphenyl)phosphine)) 

[0065] A mixture consisting of [Ru(p-cymene)l 2 ] 2 (49 mg, 0.05 mmol), 71 mg (0.1 mmol) of 
(-)-7 8-dihydro-6H-dibenzo[f,h][1 ,5]dioxonine-1 ,13-diyl-bi s(di(3 ! 5-dimethylphenyl)phosphine), 4 ml of methylene chlo- 
ride and 4 ml of ethanol was stirred at 50°C for 3 hours in 20 ml Schlenk tube. After evaporation of the solvent under 
20 a reduced pressure, the residue was dried in vacuo to obtain 120 mg of the title compound. 
31 P-NMR (CDCI 3 ) : 5 42.8 (d, J = 62.2 Hz), 25.7 (d, J = 62.2 Hz) 

EXAMPLE 6 

25 Preparation of [Rh(cod)(L3)]BF 4 (L3 = (-)-7,8-dihydro-6H-dibenzo[f,h][1 ,5]dioxonine-1 ,13-diyl-bis(di(4-methylphenyl) 
phosphine)) 

[0066] A mixture consisting of [Rh(cod) 2 ]BF 4 (23.0 mg, 0.057 mmol) , 37.1 mg (0.057 mmol) of 
(-)-7 8-dihydro-6H-dibenzo[f,h][1,5]dioxonine-1,13-diyl-bis(di(4-methylphenyl)phosphine),4ml of methylene chilonde 
30 and 4 ml of THF was stirred at room temperature for 1 5 hours in a 20 ml Schlenk tube. After evaporation of the solvent 
under a reduced pressure, the residue was dried in vacuo to obtain 54.1 mg of the title compound. 
31 p-NMR (CDCI3) : 6 24.3 (s), 25.0 (s) 



35 



EXAMPLE 7 

Preparation of [Ru(OAc) 2 (L1)J (L1 = (-)-7,8-dihydro-6H-dibenzo[f,h][1 ,5]dioxonine-1 ,13-diyl-bis(diphenylphosphine)) 

[0067] In a stream of nitrogen, a mixture consisting of [Ru(cod)CI 2 ] n (46.8 mg, 0.167 mmol), 99.8 mg (0.168 mmol) 
of (-).7 8-dihydro-6H-dibenzo[f,h][1,5]dioxonine-1,13-diyl-bi s(diphenylphosphine), 0.25 ml (1.79 mmol) of tnethyl- 
40 amine and 8 ml of toluene was heated under reflux for 15 hours in a 20 ml Schlenk tube. After evaporation of the 
solvent under a reduced pressure, 27.6 mg (0.336 mmol) of sodium acetate and 8 ml of t-butanol were put into the 
tube and the mixture was heated under reflux for 1 8 hours. After evaporation of the solvent under a reduced pressure, 
the residue was dried in vacua to obtain 135.9 mg of the title compound. 
31 P-NMR (CDCI3) : 5 65.7 (s) 



45 



50 



EXAMPLE 8 



Preparation of [Ru(OAc) 2 (L2)] (L2 = (-)-7,8-dihydro-6H-dibenzo[f,h][1 ,5]dioxonine-1 ,1 3-diyl-bis(di(3,5-dimethylphenyl) 
phosphine)) 



[0068] In a stream of nitrogen, a mixture consisting of [Ru(cod)Cl3] n (51 .8 mg, 0.1 85 mmol), 1 30.8 mg (0.1 85 mmol) 
of (-)-7 8-dihydro-6H-dibenzo[f,b][1,5]dioxonine-1,13-diyl-bi s(diphenylphosphine), 0.25 ml (1.79 mmol) of tnethyl- 
amine and 8 ml of toluene was heated under reflux for 15 hours in a 20 ml Schlenk tube. After evaporation of the 
solvent under a reduced pressure, 30.4 mg (0.37 mmol) of sodium acetate and 8 ml of t-butanol were put into the tube 
55 and the mixture was heated under reflux for 1 8 hours. After evaporation of the solvent under a reduced pressure, the 
residue was dried in vacuo to obtain 171 .3 mg of the title compound. 
31P-NMR(CDCI 3 ):5 65.2 (s) 
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APPLICATION EXAMPLE 1 

Asymmetric hydrogenatlon of methyl benzoylacetate 

[0069] In a stream of nitrogen, a mixture consisting of 46.8 mg of [Ru(cod)Cy n (a polymer form), 99.8 mg (0.168 
mmol) of (-)-7,8-dihydro-6H-dibenzo[f 0- 25 ml ( 1 « 79 mmo1 ) of tri ~ 

ethylamine and 8 ml of toluene was heated under reflux for 1 5 hours. After evaporation of the solvent under a reduced 
pressure, the residue was dried in vacuo. 

[0070] A2.3mg (0.0014mmol) portion of the thus obtained complex, 0.5 g (2.8 mmol) of methyl benzoylacetate and 
2 ml of methanol were put into a stainless steel autoclave and stirred at 50°C for 14 hours under a hydrogen pressure 
of 30 atm to obtain optically active methyl 3-phenyl-3-hydroxypropionate. When measured by HPLC, the conversion 
ratio was 100% and its optical purity was 96.5% ee. 
Measurement of conversion ratio and % ee 

CHIRALCEL OD (4.6 mm x 250 mm) 
Eluent: hexane/2-propanol = 95/5 (by volume) 
Flow rate: 1.0 ml/min. 
Detection: 254 nm 

APPLICATION EXAMPLE 2 

Asymmetric hydrogenation of dehydro naproxen 

[0071] A 3.6 mg (0.0044 mmol) portion of the complex obtained in Example 7, 1 .0 g (4.4 mmol) of dehydro naproxen 
and 6 ml of methanol were put into a stainless steel autoclave and stirred at 15°C for 10 hours under a hydrogen 
pressure of 50 atm to obtain optically active naproxen. When measured by HPLC, the conversion ratio was 99% or 
more and its optical purity was 89.2% ee. 
Measurement of conversion ratio and % ee 

CHIRAL AGP (4.0 mm x 100 mm) 
Eluent: 60 mM phosphate buffer 
Flow rate: 0.3 ml/min. 
Detection; 265 nm 

APPLICATION EXAMPLE 3 

Asymmetric hydrogenation of dehydronaproxen 

[0072] The complex obtained in Example 8 (4.1 mg, 0.0044 mmol), dehydronaproxen (1 .0 g, 4.4 mmol) and 6 ml of 
methanol were put into a stainless steel autoclave and stirred at 15°C for 15 hours under a hydrogen pressure of 50 
atm to obtain optically active naproxen. When measured by HPLC, the conversion ratio was 99% or more and its optical 
purity was 93.5% ee. 

[0073] In this case, the measurement of conversion ratio and %ee was carried out by the same method of Application 
Example 2. 

COMPARATIVE EXAMPLE 1 

[0074] Optically active methyl 3-phenyl-3-hydroxypropionate was obtained by carrying out asymmetric hydrogena- 
tion of methyl benzoylacetate in the same manner as described in Application Example 1 , except that the ruthenium 
complex was changed to Ru 2 CI4(R)-p-TolBINAP] 2 NEt 3 . The conversion ratio was 93.1% and its optical purity was 
87.0% ee. 

COMPARATIVE EXAMPLE 2 

[0075] Optically active naproxen was obtained by carrying out asymmetric hydrogenation of dehydronaproxen in the 
same manner as described in Application Example 2, except that the ruthenium complex was changed to [RuCI(p- 
cymene)(R)-SEGPHOS]CI. The conversion ratio was 99% or more and its optical purity was 87.0% ee. 
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1 . A diphosphine compound represented by a formula (1 ): 



(i) 



w 



15 




20 wherein R 1 and R 2 each independently represents a cycloalkyl group, an unsubstituted or substituted phenyl group 

or afive-membered aromatic heterocycle residue. 

2. A diphosphine oxide compound represented by a formula <2): 



25 



(2) 



30 



35 




40 



45 



wherein R 1 and R2 each independently represents a cycloalkyl group, an unsubstituted or substituted phenyl group 
or afive-membered aromatic heterocycle residue. 



3. A diphosphine oxide compound represented by a formula (3) : 



(3) 



so 




55 



wherein R 3 and R 4 each independently represents a cycloalkyl group, an unsubstituted or substituted phenyl group, 
a five-membered aromatic heterocycle residue, a lower alkoxyl group, phenozy group, benzyloxy group, chlorine 
atom or bromine atom. 
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A transition metal complex selected from the group consisting of rhodium complexes, ruthenium complexes, iridium 
complexes, palladium complexes and nickel complexes, which contains an optically active compound of the com- 
pound of claim 1 , as a ligand. 

A catalyst which contains a transition metal complex represented by a formula (4): 

MmLnXpSq (4) 

wherein M represents a transition metal selected from the group consisting of rhodium, ruthenium, iridium, palla- 
dium and nickel, L represents an optically active diphosphine compound of the compound of claim 1 , X is selected 
from the group consisting of CI, Br, I, acetoxy group, methallyl group and u-allyl group, S represents NEt3, Et 
represents ethyl group, m is 1 or 2, n is 1 or 2, p is 2 or 4 and q is 0 or 1 , with the proviso that 

(i) when M = Rh, X = CI, Br or I, m = 2, n = 2, p = 2 and q = 0, 

(ii) when M = Ru and X = acetoxy group, m = 1 , n = 1 , p = 2 and q = 0, 
(Hi) when M = Ru and X = CI or Br, m = 2, n = 2, p = 4 and q = 1 , or 
(lv) when M = Ru and X = methallyl, m = 1 , n = 1 , p = 2 and q = 0, 

(v) when M = lr, x = CI, Br or I, m = 2, n = 2, p = 2 and q = 0, 

(vi) when M = Pd and X = CI, Br or I, m = 1 , n = 1 , p = 2 and q = 0, 

(vii) when M = Pd and X = ic-allyl, m = 2, n = 2, p = 2 and q = 0, and 

(viii) when M = Ni, X = CI, Br or I, m = 1 , n = 1, p = 2 and q = 0. 

A catalyst which contains a transition metal complex represented by a formula (5): 

[MmXpLnZqJYr (5) 

wherein M represents a transition metal selected from the group consisting of rhodium, ruthenium, iridium and 
palladium, L represents an optically active diphosphine compound of the compound of claim 1 , X represents 1 ,5-cy- 
clooctadiene, norbomadiene, CI, Br or I, Z represents benzene or paracymene, Y represent BF 4 , CI0 4 , PF 6 , BPh 4 , 
CI, Br or I and Ph represent phenyl group, m is 1 , n is 1 , p is 0, 1 or 2, q is 0 or 1 and r is 0, 1 or 2, with the proviso that 

(i) when M = Rh, X = cod or nbd, Y = BF 4 , CI0 4 , PF 6 or BPh 4 , m = 1 , n = 1 , p = 1 , r = 1 and q = 0, 

(ii) when M = Ru and Y = CI, Br or I, X = CI, Br or I , Z = benzene or paracymene, m=1,n = 1,p = 1,q = 1 and r= 1 , 

(iii) when M = Ru and Y = BF 4 , CI0 4 , PF 6 or BPh 4 , m = 1 , n = 1 , p = 0, q = 0 and r = 2, 

(iv) when M = lr, X = cod or nbd, Y = BF 4 , CI0 4 , PF 6 or BPh 4 , m = 1, n = 1 , r = 1 , p = 1 and q = 0, 

(v) when M = Pd, Y = BF 4 , CI0 4> PF 6 or BPh 4 , m = 1 , n = 1 , r = 1 , p = 0 and q = 0, and 

(vi) when M = Ni, X = CI, Br or I, m = 1 , n = 1 , p = 2, q = 0 and r = 0, 

wherein cod represents 1 ,5-cyclooctadiene and nbd represents norbomadiene. 

An asymmetric hydrogenation catalyst which contains the transition metal complex of claim 4. 
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